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Abstract— In this paper, we study the path planning for khepera
II mobile robot in an unknown environment. The well known
heuristic D* lite algorithm is implemented to make the mobile
robot navigate through static obstacles and find the shortest path
from an initial position to a target position by avoiding the
obstacles. and to perform efficient re-planning during
exploration. The proposed path finding strategy is designed in a
grid-map form of an unknown environment with static unknown
obstacles. The robot moves within the unknown environment by
sensing and avoiding the obstacles coming across its way towards
the target. When the mission is executed, it is necessary to plan
an optimal or feasible path for itself avoiding obstructions in its
way and minimizing a cost such as time, energy, and distance. In
our study we have considered the distance metric as the cost
function
Keywords— Robotics, Navigation, D* lite algorithm, path
planning.

tasks for Khepera II mobile robot. In these works, the
computationally intensive tasks, e.g., the planning
and mapping tasks were not performed onboard
Khepera.They were performed on a separate
computer. The sensor readings and the motor
commands are communicated between the robot and
the computer via serial connection. The D* lite
algorithm was used in these works for planning
purposes. However the algorithm was applied only
for an environment in which the locations of the
obstacles are known in advance.
In our paper we proposed the use of D* lite algorithm
for path planning in unknown environment unlike [5]
and [6].
The rest of the paper is outlined as follows.
Section 2 gives a brief of Khepera II components and
its operation. The algorithm for the path planning is
described in detail in section 3. Section 4 provides
the result through snapshot taken from the
implementation and section 5 concludes the paper.

1. Introduction
Motion planning is one of the important tasks in
intelligent control of a mobile robot which should be
performed efficiently. It is often decomposed into
path planning and trajectory planning. Path planning
is to generate a collision free path in an environment
2. KHEPERA II
with obstacles and optimize it with respect to some
Khepera II robot (figure a) is a miniature robot
criterion [6, 9]. However, this environment may be
(diameter of 8cm) equipped with 8 built-in infrared
imprecise, vast, dynamical and either partially or
range and light sensors, and 2 relatively accurate
non-structured [4]. In such environment, path
encoders for the two motors. The range sensors are
planning depends on the sensory information of the
positioned at fixed angles and have limited range
environment, which might be associated with
detection capabilities. We numbered the sensors
imprecision and uncertainty. Thus, to have a suitable
clockwise from the leftmost sensor to be sensor 0 to
motion planning scheme in a cluttered environment,
sensor 7(figure b). Sensor values are numerical
the controller of such kind of robots must have to be
ranging from 0 (for distance > 5 cm) to 1023
adaptive in nature. Trajectory planning is to schedule
(approximately 2 cm).The onboard Microprocessor
the movement of a mobile robot along the planned
has a flash memory size of 256KB, and the CPU of 8
path. Several approaches have been proposed to
MHz. Khepera can be used on a desk, connected to a
address the problem of motion planning of a mobile
workstation through a wired serial link. This
robot. If the environment is a known static terrain and
configuration allows an optional experimental
it generates a path in advance it said to be off-line
configuration with everything at hand: the robot, the
algorithm. It is said to be on-line if it is capable of
environment and the host computer.
producing a new path in response to environmental
changes.
Many studies have been carried out in path planning
for different types of mobile robots. The works in [5]
and [6] involve mapping, navigation, and planning
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Figure 1(a): Khepera II

movement cost from the starting position to any
position in the grid, rhs(n) is one step lookahead
values based on the g-values and h(s,sgoal) is the
estimated movement cost from a position to the target
position. This is referred to as Heuristic cost. There
are many different ways of defining the heuristic
cost. In our implementation the cost c(s, sa ) is the
Euclidean distance between the next possible
positions and the target position. The robot moves to
the next position having minimum f value if there is
no obstacle. If more than one neighbor has same
value of f(n) then the direction is chosen randomly.
The algorithm is presented below.
rhs(s) = 0
s=sstart

if
min sa ε Pred(s) (g (sa) + c (sa , s)) otherwise.

h (s,sgoal) =
sgoal
·

Figure1(b): position of the sensors of Khepera II

3.

Path planning algorithm

In this section the algorithm developed for the path
planning of Khepera II mobile robot is presented. A
grid map is build for the robot to navigate. In the grid
map the robot can move in four neighbor directions
vertically or horizontally. D* lite algorithm is used to
computes or updates (when change in the
environment is detected)the heuristic estimates of the
distance corresponding to the shortest path from each
state to the goal state. This is performed by searching
backwards from the goal, i.e., propagating the
distance estimation value to the successor nodes,
starting from the goal node. The D*Lite path planner
combines aspects of A* search, the classic AI
heuristic search method, and incremental search to
plan near-optimal paths in partially known
environments. Incremental search methods reuse
information from previous searches to find solutions
to series of similar tasks much faster than is possible
by solving each search task from scratch Each
position has an associated cost function, f(s)=g(s)+rhs
(s)+h(s,sgoal) where g(n) is the generation cost or

0

if

s

=

c (s, sa) + h (sa, sgoal) otherwise.

Procedure ComputeShortestPath ()
While (U.TopKey < Calculate Key (sstart) or rhs (sstart)
≠g(sstart))
{
u← U. Pop()
if (g(u)> rhs(u) then
g(u) ← rhs(u)
for (s є Pred(u))
{
Updatevertex(s)
}
Else
g(u) ←∞
For(s є Pred (u) υ {u})
{
UpdateVertex(s)
}
}
Procedure UpdateVertex (u)
{
If (u≠ sgoal) then rhs←mins є Succ (u) (c(u,s)+g(s) )
If (u є U) then U.Remove (u)
If(g(u) ≠ rhs(u) then U.Insert(u ,CalculateKey(u) )
}
Procedure CalculateKey(s)
{
return( min( g(s) , rhs(s) ) + h(sstart,s) , min ( g(s) ,
rhs(s) )
}
Procedure Initialize ()
{
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U←0
For(s є S)
{
rhs←∞
g(s) ← ∞
}
rhs (sgoal ) ← 0
U. Insert (sgoal , calculateKey (sgoal ))
}
Procedure D*lite()
{
Initialize ()
ComputeShortestPath ()
While (sstart ≠ sgoal )
{
sstart ← arg mins є succ(sstart) ( c (sstart ,s) +g(s) )
Execute the instruction: move to Sstart
Scan the surrounding for obstacles
If(obstacles)
{
Add two new states to both sides of the obstacle .
Update the current map by linking the new states to
the neighboring states in the current map with the
appropriate behaviors and terminators
Update the behavior and terminators of the
Neighboring states to the new states
UpdateVertex (previousState)
}
ComputeShortestPath ()
}

4.

Figure 2. Khepera network and its accessories

Figure 3. Environment setup for robot path planning

Experimental results

Extensive experiments were conducted to test the
robot performance in path planning between any two
positions in the unknown environment with various
unexpected obstacles. Figure c and d shows the
snapshots of the Khepera II mobile robot path
planning in one such case study. Two static obstacles
of different shape and size were considered for this
case study.

(i)
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(ii)
Figure 5. Robot path planning in a Grid map environment

(iii) Figure d: Final position of the Robot

5. Conclusion and Future works
In this paper, online path planning of mobile robot in
unknown environment is presented using Khepera II
mobile robot. The path planning is performed using
Heuristic D* lite algorithm. With the help of
extensive experiments the goal of this study is
achieved. However only static obstacles were
considered in the present study.
The result from this work provides a
platform for developing robot control and also
provides a useful tool for robotics education. For
future work, we plan to include dynamic obstacles
and to include the onboard camera in the study of
online path planning of mobile robot.
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